of neural induction, which was subsequently applied to other vertebrates (Harland, 2000). It can also be extended to ascidians. In these embryos, the anterior neural tissue is formed by anterior animal cells (a-line) in response to an early inductive interaction with anterior In ascidians, Otx is the earliest gene known to be
expressed in the prospective neural tissue and like its to Ϫ1541 did not alter the activity of the construct. In contrast, the region located between Ϫ1541 and Ϫ1417 vertebrate counterpart, Otx2, it plays an important role in early neural development (Hudson and Lemaire, 2001;  was required for expression in the a6.5 lineage, and is thus hereafter referred to as the a-element. Consistent Wada et al., 1996 Wada et al., , 2002 Wada and Saiga, 1999) . In this study, we isolated the early neural cis-regulatory elewith the simultaneous induction of Otx in a6.5 and b6.5 by vegetal cells, deletion of the a-element also reduced ment of Otx and used this as an entry point to dissect the neural induction pathway in Ciona intestinalis. This the activity in the b6.5 lineage. Finally, regions located between positions Ϫ1417 to Ϫ1133, and Ϫ706 to Ϫ271 led us to identify FGF9/16/20 as the endogenous neural inducer and to show that its activity in ectodermal terriwere required for expression in A-line, and B/b-lines respectively. tories is mediated by a synergy between Ets1/2, a general FGF responsive factor, and GATAa, an ectodermspecific FGF mediator.
The a-Element Is Sufficient to Drive Expression in the a6.5 Neural Precursors and Is Directly Activated by FGF Signaling Results
To test whether the a-element, necessary for Otx expression in a6.5, was also sufficient to drive expression in this Identification of a cis-Regulatory Element Necessary for Otx Activation in the a6.5 lineage, we placed the fragment extending from Ϫ1541 to Ϫ1418 in front of the Ciona Brachyury basal promoter Neural Precursors (a- To identify the regulatory elements responsible for promoter, the a-element had no activity, showing that it acts as an enhancer rather than as a promoter (not Otx activation in the a6.5 neural precursors, we cloned a genomic fragment extending from 3.5 kb upstream of shown). Figure 1A) , while a new site of expression appears in some vegetal A-line cells (precurTo determine whether Otx and the a-element are directly responsive to FGF, we tested whether their activasors of the anterior endoderm). In electroporated embryos, LacZ mRNA still faithfully mirrored the expression tion by bFGF is sensitive to puromycin treatment, a protein synthesis inhibitor. Animal blastomeres from control of endogenous Otx. In contrast, because of the higher stability of LacZ protein, Xgal staining was found in every embryos or from embryos injected with a-pBra were isolated at the 8-cell stage. Explants were then cultured lineage that had expressed Otx so far, recapitulating the expression of the transgene at previous stages. The in the presence or absence of puromycin from the time of isolation, treated with bFGF at the equivalent of the same result was obtained when the construct is introduced by microinjection in the egg instead of electropor-16-cell stage and tested for the presence of Otx or LacZ messenger at the 44-cell stage and of LacZ protein at ation (not shown).
Previous results indicated that
Next, we performed a series of deletions of the initial the 110-cell stage. Untreated animal explants or those treated with puromycin alone showed neither expresconstruct to localize element(s) necessary for Otx activation in the a6.5 lineage. The activity of these constructs sion of Otx nor activation of the a-element ( Figure 2B ). FGF treatment induced a robust puromycin-indepenwas tested by Xgal staining at the 110-cell stage ( Figure  1B) . Removal of the first intron or 5Ј deletions up dent expression of both Otx and the transgene ( Figure Figure 1 . Isolation of a cis-Element Required for Otx Activation in the a6. we could not detect transcripts for the other GATA gene, In summary, these data suggest that the spatial speci-GATA1/2/3, at early stages. Thus Ets1/2 and GATAa ficity of the a-element is achieved via the synergy beconstitute prime candidates for mediating the activity tween two types of sites. Ets binding sites provide a of the a-element. general response to FGF, while GATA binding sites meTo test whether the function of these genes is required diate preferential response to FGF in animal cells. We for the activation of the a-element in vivo, we microinnext sought to identify the endogenous Ets and GATA jected morpholinos directed against the initiator methiofactors involved in this process. nine of Ets1/2 or GATAa mRNAs (Ets1/2-MO and GATAa-MO). In both cases, analysis of injected embryos The Maternal Transcription Factors, Ets1/2 showed a strong decrease in the activity of coinjected and GATAa, Mediate the Activation a-element, which could be rescued by additional coinof Otx via the a-Element jection of the respective mRNAs, modified so that they Analysis of the Ciona intestinalis genome reveals the were not recognized by the morpholino ( Figure 6A ). presence of 15 members of the Ets family and 2 memThus, both Ets1/2 and GATAa are required for the activity bers of the GATA family. In another ascidian species, of the a-element. While both Ets1/2 or GATAa morphoHalocynthia roretzi, Ets1/2 is required for the activation linos reduce the animal expression of endogenous Otx of FGF targets in both vegetal and animal hemispheres (Ets1/2: 25% suppressed, 36% reduced, n ϭ 84; GATAa: 
